objectives Approximately 10 000 people die from suicide annually in Bangladesh, many from pesticide poisoning. We aimed to estimate financial costs to patients and health services of treating patients with self-poisoning.
Introduction
According to WHO, more than 800 000 people die from suicide annually [1] ; of these, an estimated 110 000-168 000 die from pesticide self-poisoning [2] . In Bangladesh, suicide leads to over 10 000 deaths each year [3, 4] , an estimated 55% from self-poisoning, particularly with highly hazardous pesticides (HHPs) [1, 3] . Regulation of HHPs to remove them from agricultural practice has dramatically reduced pesticide suicides [5] . However, according to the Bangladesh Directorate General of Health Services, pesticide poisoning still accounts for over 2% of the inpatient caseload across all government hospitals in the country [6] .
Understanding the economic impact of a condition can help identify potential solutions for reducing cost through changes in policy and practices [7, 8] . A cost analysis study in Sri Lanka estimated the cost to government for treating self-poisoned patients as 2.8% of the total health-related expenditure in the district with an average of US$ 31.83 per patient [9] , highest for pesticide selfpoisoning (US$ 49.12). Only 5% of patients were placed in the intensive care unit (ICU), but they took up 75% of overall treatment cost for self-poisoning at the general hospital. Unlike Sri Lanka, much of treatment in Bangladesh is paid for by patients, and the cost of treating illness may therefore result in a significant financial burden for families.
We aimed to estimate the financial costs to both families and government health services of treating Bangladeshi cases of self-poisoning at a tertiary-level hospital.
Methods
Healthcare provision in the study area A combination of private and government healthcare facilities is available to most of the population in Bangladesh. Although figures on those managed at private hospitals are not available, self-poisoning cases are usually cared for in the government sector. This is because all cases of self-poisoning must be reported to the police and the risk of interpersonal conflict in these cases is usually a deterrent for private hospitals.
Study hospital
The study was carried out at Chittagong Medical College Hospital (CMCH), which has 1313 beds and is the main government referral hospital for Chittagong city and district (population 7 616 352) [10] . Patients requiring higher level management or specialist input are referred to CMCH from 15 peripheral hospitals in the district (Box 1). Additionally, CMCH provides the only government-funded 12-bedded ICU for Chittagong division (population 28 423 019 [Box 1]) and severe cases that may require ICU are referred in from this entire area. At the time of writing this article, there were no published data on the burden of poisoning cases in peripheral hospitals vs. central tertiary hospitals. Due to resource constraints, we were unable to carry out this study at smaller secondary-level hospitals and it is therefore likely that the study captures the more severe cases.
Medical staff input, other human resources, bed, meals for the patient and a limited selection of medications are provided free of cost to patients at government hospitals. Cost of most medications, equipment (such as nasogastric tubes and urinary catheters), diagnostic tests, transport (including transfers between government hospitals) and sustenance for relatives is borne by the patient and their family.
Patient selection
All patients admitted to CMCH with accidental, occupational or intentional self-poisoning were included. The study was conducted with ethics approval from CMCH over a one-month period during February and March 2016. Patients were only recruited if they or their relatives gave informed consent.
Due to a lack of accurate addresses, the distance travelled was estimated as distance from their local government hospital to CMCH.
Compound ingested
Patients were categorised by the class of substance ingested: agricultural chemicals, benzodiazepines, corrosives, medicines other than benzodiazepines and rodenticides. Confirmation of the substance ingested was sought by examination of the bottle or label of the ingested substance at first contact. The agricultural chemicals group was then further divided into organophosphorus (OP) insecticides, other known insecticides, unknown insecticides, fertilisers, nutrients, herbicides and fungicides. *CMCH and a further 250-bed hospital provide the only government in-patient facilities for this population.
†CMCH is the tertiary referral centre for this population.
‡CMCH provides the only government ICU facility for this population; it also receives referrals of complex cases from other district-level hospitals in the division.
Cost to patient
A pretested form was used by a study doctor who interviewed all patients and their attendants on admission to ascertain patient demographics, household earnings and assets as well as initial treatment costs at CMCH. The cost of treatment at and transfer from peripheral centres was recorded where applicable. All patients were followed up three times per day to log daily expenses on all inputs relating to their care at CMCH. Receipts and labels of items purchased were examined where available. Gratuities provided to unpaid informal staff for services such as assistance with transfer to wards and cleaning were recorded as service charges. Diagnoses, medications and other interventions given to patients were logged. The management and diagnosis changed 24-48 h after admission in some cases once the ingested chemical had been confirmed, and this was also recorded. Cost of food, accommodation and transport for visiting relatives was logged, but home costs due to the admission and loss of earning were not measured.
Length of stay was calculated from the day of admission to the day of discharge at CMCH and number of days to death in those that did not survive. The source of money for all expenditures was logged. Patients were telephoned 7-14 days after discharge to ascertain cost of transport home from CMCH and any further treatment after discharge. The number of days taken to return to baseline health as perceived by the patient was also recorded. The total number of days of illness was calculated from the time of poison ingestion to the reported time of return to baseline health. Patients were not called again if they had not returned to baseline level; therefore, the projected number of days of illness is a minimum estimate in those that were still unwell on telephone follow-up.
All costs were recorded in Bangladeshi Taka (BDT) and converted to US dollars using the exchange rate of 78.38 BDT per USD (source: www.bloomberg.com; accessed on 10 March 2016).
Measuring indicators of wealth
Patients were classified into two groups based on the presence or absence of indicators of wealth. The simplified tool used for this categorisation was guided by assessments made by the National Institute of Population Research and Training, Bangladesh [11] . Patients with two or more of the following were deemed to have indicators of wealth:
• Living in a Pakka (brick) or Semi-Pakka (brick walls with thatch/tin roof) house rather than a Kaccha (mud/bamboo) dwelling 
Cost to hospital
The budget allocation for the fiscal year 2015-2016 was collated from the finance department at CMCH and used in conjunction with the bed occupancy rate for the year 2015. The budget allocates funds for staff salaries, ward facilities, basic medications, patient meals, utility bills and taxes, and building and equipment maintenance. Using these data, the aggregated cost of care per patient per day was calculated. The budget allocated to CMCH is not separated for individual wards or ICU, thus providing an average cost per patient regardless of the inputs required. The budget also reported the hospital's financial deficit for that year, which was added to the total cost calculated. The cost per patient includes the budget for all operational costs and does not include the initial cost of building construction and equipment purchase. All costs were recorded in Bangladeshi Taka (BDT) and converted to US dollars.
Data analysis
Graphpad Prism 5 (Graphpad Inc., San Diego, CA) was used for data analysis. Demographic and clinical characteristics were summarised using median (interquartile range [IQR] ). Comparisons between study groups were made using unpaired t test.
Results
Over the 28-day recruitment period, 184 patients were admitted and one patient was brought in dead with selfpoisoning. Of the 184 admissions, 10 died prior to consent. Nine of the deaths were due to unknown insecticides, one due to OP insecticide and one due to a rodenticide (median [IQR] time to death: 0.5 [0.1 to 4.1] h). Of the remaining patients, nine refused consent and four were excluded due to insufficient data collection prior to discharge, leaving 160 (87.0%) patients recruited in the study.
Patients
The median (IQR) age was 22 (18-29) years; 52.5% were female. Of the 160 cases, 148 (92.5%) and 12 (7.5%) presented with intentional and accidental poisoning, respectively (no patients were admitted with occupational poisoning). Most (92, 57.5%) were transferred from a peripheral hospital (of which 80.4% from a government facility). Median distance travelled by patients from home to CMCH was 24.3 (6.0-51.6) km. The most common employment consisted of unpaid family work (26.9%) and informal or unskilled labour (26.7%). Most patients were discharged home (146, 91.3%) while 12 (7.5%) left against medical advice and two (1.3%) died (Table 1) .
Of those recruited, 94 (58.8%) ingested agricultural chemicals, 20 (12.5%) corrosives, 20 (12.5%) benzodiazepines, 15 (9.4%) other medicines and 11 (6.9%) rodenticides. Most cases of agricultural poisoning had ingested OP (34, 36.2%), unknown (30, 31.9%) or pyrethroid (18, 19.1%) insecticides (Table 2 ). Others had ingested OP and pyrethroid combination insecticides (3, 3.2%), abamectin (2, 2.1%), herbicides (2, 2.1%), fertilisers (2, 2.1%), plant micronutrients (2, 2.1%) and fungicides (1, 1.1%).
The median (IQR) length of stay was 2 (2-4) days. This was modestly longer in patients who had ingested agrochemicals (3 [2-5] days) and shorter in patients who had ingested medicines other than benzodiazepines (2 [1-2] days) ( Table 1 ). The median total number of days of illness was 5 (3-9) days (Table 1) . Of 160, two died in hospital and one death occurred one day after discharge -all three deaths occurred after OP poisoning. All patients received ward-based care with no ICU admissions during the study period.
Cost to patient
The median (IQR) total cost of treatment borne by patients was US$ 98.40 (US$ 44.39 to US$ 176.80) ( Table 3 ). This was substantially higher for those who had ingested agrochemicals (US$ 157.70) than those who took other substances (US$ 28.66 to US$ 48.01, P < 0.0001) ( Table 3 ). About half of the cost was due to medicines and equipment (Table 3) ; transport made up 20% of the cost. No accommodation costs for relatives were reported.
Amongst patients presenting with agrochemical poisoning, the median total cost was highest in those with OP poisoning at US$ 179.50 (US$ 138.10 to US$ 247.20) compared to those poisoned with non-OP containing or unknown agrochemicals (US$ 111.10 to US$ 130.20). Cost for all insecticide poisonings was higher than for other poisonings. The largest costs were again for medications and equipment, transport and service costs ( Table 3) .
Length of stay of, and costs to, the agrochemical-poisoned patients depended on whether they were treated (correctly or incorrectly) as OP poisoning (Table 4) . Median total cost to patients with confirmed OP poisoning was similar to that for patients initially misdiagnosed as OP poisoning who were later treated appropriately (US$ 179.50 vs. US$ 172.70, P = 0.87) ( Table 4 ). The cost for the misdiagnosed non-OP poisoned patients was significantly greater than for those correctly diagnosed as being poisoned with non-OP agrochemicals (US$ 172.70 vs. US$ 65.09, P < 0.0001) ( Table 4 ). The cost of care given to patients immediately on their admission accounted for the greatest part of these differences. The medicines for this care were bought by patient families from the government or local private pharmacies. Despite the same printed checklist of medications and equipment given to all patients managed as OP, variation in the cost of initial treatment was seen with a median (IQR) of US$ 64.49 (US$ 48.50 to US$ 82.02).
Wealth indicators and borrowing in patients presenting with self-poisoning
Seventy-seven of the 160 (48.1%) patients were poor, as indicated by their lack of two or more indicators of wealth ( Table 1 ). The proportion of families with low indicators of wealth ranged from 55.4% of those ingesting agrochemicals to 30.0% of those ingesting benzodiazepines. The median amount borrowed by patients and their families to pay for hospital care was US$ 89.74 (US$ 19.55 to US$ 168.59) ( Table 5 ) and was highest in patients with corrosive poisoning and non-benzodiazepine medicine poisoning rather than those ingesting agrochemicals, benzodiazepines or rodenticides. Loans were either taken with interest from banks or private lenders (median interest rate 10 [5-20] % per month) or taken with no interest from relatives and friends (Table 5) 
Cost to hospital
An occupancy rate of 158.09% was reported for the year 2015 in the 1313-bed hospital. The total annual budget for the hospital was reported as US$ 8 073 220.44. Taking these figures into account, the cost to the hospital per 24 h of treating patients on any ward was US$ 10.66. The hospital did not outline the cost of individual inputs or cost of ICU care. These costs do not account for the majority of medicines, which must be borne by the patient and her/his family (Table 6) .
Median (IQR) cost to CMCH for treating each patient with self-poisoning was US$ 21.30 (US$ 10.65 to US$ 42.60), ranging from US$ 10.65 for non-benzodiazepine medicines to US$ 31.95 for agrochemical poisoning. In contrast to the patient costs, the median cost to hospital for treating OP poisoned patients was double the cost for treating patients either misdiagnosed as OP poisoning or correctly diagnosed as non-OP poisoning (US$ 42.60 vs. US$ 21.30 vs. US$ 21.30, respectively) ( Table 4 ). This indicates that the patients, not the hospital, bore the financial (and other) costs of misdiagnosis during the study period. 
All data presented as median (IQR) unless otherwise specified. OP containing insecticides includes OP insecticides (34) and combined OP and pyrethroid insecticides (3). *Other: two herbicides, two fertilisers, two plant micronutrients, one fungicide. †One further death occurred one day after discharge due to unknown causes.
Discussion
We found over a one-month period in a Bangladeshi tertiary hospital that the median direct cost to both patient and hospital for treating one self-poisoned patient was US$ 119.24, split 82:18 (US$ 98.40 vs. US$ 21.32) between the patient/family and the hospital. Agrochemical -particularly insecticide -poisoned patients made up almost 60% of cases and 81.5% and 74.9% of the costs borne by family and hospital, respectively. A number of patients (17.0%) were initially misdiagnosed as suffering from OP poisoning, causing increased initial costs that were borne by the family purchasing medicines rather than the hospital. To cope with the costs of hospitalisation, 25.6% of families took loans at high interest rates and 58.1% borrowed money from friends or relatives.
Half of the patients were defined as poor. Estimated cost of poisoning with agrochemicals in particular is around three times the monthly cost of an essential items basket for Bangladesh of US$ 40.75 per person per month [12] highlighting a significant financial burden on patients and their families from self-poisoning. This strain would have been increased further by the indirect costs to families from loss of potential earnings during illness and from any subsequent negative mental and physical health impact of illness on patients and their families. Estimating the burden of this impact was beyond the scope of this study.
Initial treatment cost was over three times higher in those with OP poisoning than in patients who took non-OP agrochemicals. Total cost to patients was not reduced in the group misdiagnosed as OP once their management was adjusted to a non-OP pathway, reflecting the fact that the largest proportion of cost was incurred at initial treatment.
In this study, we asked all patients for confirmation of compound ingested on admission. Unfortunately, this is not usual practice in Bangladesh where health professionals often assume all agrochemical poisoning to be due to OP [6] . For ethical reasons, during the study period, we disclosed the compound ingested to the responsible clinicians and patient management was subsequently altered as appropriate. The cost to both families and hospital of treating these patients is therefore an underestimate.
The cost of misdiagnosis as OP was mainly borne by patients. However, in the absence of a practice to check the substance ingested, patients misdiagnosed as OP would be likely to continue the OP treatment pathway requiring a median length of stay of four rather than two days. This not only represents a significant cost to the government but also a strain on wards that are already filled above capacity. If the study figures are Extrapolating this figure to the national population, an estimated 3776 misdiagnosed cases per year could be expected at tertiary hospitals across the country costing the government US$ 80 428.80 [10] . In addition, there are likely to be further cases at peripheral hospitals; the scale of which is unknown. We recognise that this is a crude estimation of the potential national impact in the absence of accurate incidence data.
Reducing this financial burden on both patients and the government could be achieved by the presence of evidence-based guidelines and training for staff which highlight the need for early substance identification as well as awareness of clinical signs of OP poisoning. In addition, easy access to a list of pesticides available in the Bangladesh market as published by the pesticide technical advisory committee would allow staff to identify the substance ingested swiftly [13] . A specific toxicology bay for all self-poisoning patients in major hospitals could help implement these interventions more effectively.
A significant variation in the amount paid by families for the same prescription was noted. The source was often private shops that could supply medications faster than the government hospital pharmacy. The finding highlights a greater need for regulation in the pricing of medications or easier access to the government pharmacy to prevent exploitation of families already struggling to meet the costs of treatment.
Of all the patients, 55% were seen at a peripheral centre prior to presenting to CMCH. This was highest in patients with agrochemical poisoning (69.1%). Of those misdiagnosed as OP, 62.5% had initially presented to a peripheral government facility. A correct diagnosis at the peripheral level could have prevented 22 of the 94 (23.4%) referrals where OP management was not needed (unknown insecticide or confirmed non-OP substance). Unlike tertiary hospitals, peripheral hospitals do not routinely have above 100% bed occupancy and managing less complex patients in these centres would therefore lead to more cost-effective use of government resources. Over the course of one year, tertiary-level referral of at least 264 patients with agrochemical poisoning could be prevented saving approximately US$ 41 448 and US$ 8434.80 of patient and government money, respectively, from admission to CMCH. Although there would be a cost of care for managing these patients at peripheral hospitals, the expense is likely to be significantly less. Lessons from Sri Lanka suggest that increased support to peripheral hospitals can alter their patterns of poisoned patient transfers [14] [15] [16] .
A total of 185 patients presented with self-poisoning to CMCH during the study period (including those that were not recruited) and 105 (56.8%) of these cases were due to agrochemical poisoning. According to the annual health bulletin for CMCH and emergency department register, there were a total of 1439 OP poisoning cases in the year 2015, with 130 presenting in February [17] . The number of agrochemical poisoning cases seen during the study period is lower than that seen in the same month of the previous year.
Treatment of pesticide poisoning appears to be the most expensive both in Sri Lanka [9] and Bangladesh. Within government healthcare costs, the cost of ward ‡Relates to the medication, equipment and service charge cost from the first prescription on admission for acute management.
staff was highest in both studies. Further comparisons are difficult to make due to the different health systems and significant out-of-pocket costs for patients in government hospitals in Bangladesh (with majority of medication and investigation costs being paid by the patient).
Limitations
Limited data make it difficult to assess the representativeness of the caseload at CMCH on a district and national level. The study was carried out over one month and therefore does not necessarily account for possible seasonal variation in suicide and self-harm over the year. The data may therefore not be representative for estimates on annual government healthcare costs. Reporting bias may have been present in ascertaining indicators of wealth, income and amount borrowed. The risk of this affecting analyses was minimised using a model based on ownership of specific assets to determine wealth. This study did not include the capital cost of the initial hospital construction and therefore significantly underestimates the financial burden on the government. The aggregate cost to the government was estimated as bed cost per day, and we recognise that this is not as accurate as the true cost of individual inputs specific to each patient. In addition, a small proportion of the hospital cost was for taxes paid back to the government. Data on cost of care of other conditions at tertiary government hospitals in Bangladesh were not available, and a comparison with these was therefore not possible. Throughout the study, the significant amount of money spent on service charge in the form of informal gratuity was noted. Further studies are needed to assess the extent of this practice and its impact on patient outcomes.
Conclusion
This is the first attempt to estimate financial costs associated with self-poisoning in Bangladesh and identifies significant aspects of management that could be addressed to reduce cost and improve outcomes. Strategies are needed to address the substantial cost to families and government for treatment of agrochemical poisoning. We recommend greater focus on training health professionals at peripheral and tertiary levels in the common pesticides used for self-harm, the importance of ascertaining the specific substance prior to treatment and increasing awareness of the symptoms requiring management as OP poisoning. Easy access to a list of pesticides available in the Bangladesh market for all health professionals and establishing specific toxicology wards in tertiary hospitals may help achieve this. In the short term, this is likely to increase government costs in managing poisoning cases but would significantly reduce financial burden on families as well as helping to reduce number of days of work lost. In addition, improving management at peripheral centres would likely reduce deaths and help reduce the burden on the busy tertiary hospitals where cost of care is higher.
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